A Gram-stain-positive, non-motile, rod-or coccoid-shaped actinobacterium, designated strain A33 T , was isolated from a forest soil sample from Nanjing, Jiangsu Province, PR China. The strain grew optimally at 30 6C, pH 7.0 and with 3 % NaCl (w/v). Phylogenetic analysis of the strain, based on 16S rRNA gene sequences, showed that it was most closely related to Arthrobacter woluwensis (98.4 % sequence similarity), Arthrobacter humicola (97.5 %), Arthrobacter globiformis (97.4 %), Arthrobacter oryzae (97.3 %) and Arthrobacter cupressi (97.0 %). The major cellular fatty acids were anteiso-C 15 : 0 , anteiso-C 17 : 0 and iso-C 15 : 0 ; MK-9(H 2 ) was the predominant respiratory quinone. The polar lipids comprised diphosphatidylglycerol, phosphatidylglycerol, phosphatidylinositol and three glycolipids. Cell-wall analysis revealed that the peptidoglycan type was A3a, based on L-lysine-L-alanine; the cell-wall sugars were galactose and mannose. The genomic G+C content of strain A33
The genus Arthrobacter, a member of the family Micrococcaceae, was first proposed by Conn & Dimmick (1947) . At the time of writing, there are 72 species with validly published names. Most members of the genus Arthrobacter are Gram-positive, catalase-positive and are characterized by pepitidoglycan type A3a or A4a (Schleifer & Kandler, 1972; Keddie et al., 1986; Jones & Keddie, 1992; Stackebrandt et al., 1983) . These bacteria typically have a rod-coccus morphological cycle. Species of the genus Arthrobacter have been isolated from various environmental sources, such as soil, clinical environments, marine sediment, cheese, mural paintings, water, sewage, the air, a cyanobacterial mat and a filtration substrate (Zhang et al., 2010; Funke et al., 1996; Kageyama et al., 2008; Yassin et al., 2011; SantaCruz-Calvo et al., 2013; Zhang et al., 2012; Pindi et al., 2010; Irlinger et al., 2005; Heyrman et al., 2005; Kim et al., 2008; Chen et al., 2009; Li et al., 2004) . In this study, the characterization of strain A33
T using a polyphasic taxonomic approach is reported, and in conclusion a novel species of the genus Arthrobacter is proposed.
Strain A33
T was isolated from a forest soil sample, using the medium and methods described by Huang et al. (2012) , during a project investigating communities of mineralweathering bacteria. The isolate could enhance the weathering of potassium feldspar and biotite and release mineral elements, such as Fe, Si and Al (unpublished data) . YD agar (1.0 % yeast extract, 1.0 % glucose and 1.2 % agar, w/v, pH not adjusted) was used for further analysis. Morphology and motility were examined by light microscopy (CX21; Olympus) and transmission electron microscopy (H-7650; Hitachi) using cells from the exponential growth phase. YD medium was used in experiments to determine growth at different temperatures (4, 10, 15, 20, 30, 37, 42 and 45 u C), pH 3.0-11.0 (at intervals of 1 pH unit) and NaCl requirements (0-10 %, w/v, at intervals of 1.0 %). Catalase activity was determined by assessing bubble production in 3 % (v/v) H 2 O 2 and oxidase activity was determined using 1 % (w/v) tetramethyl-p-phenylenediamine. The following tests were performed according to Shen et al. (1999) and Gordon et al. (1974) : the Gram reaction, citrate utilization, methyl red and Voges-Proskauer reactions, hydrolysis of Tween 80, starch, gelatin, L-tyrosine, xanthine and hypoxanthine. Other physiological and biochemical properties were tested using API kits (bioMérieux) according to the manufacturer's instructions.
For cellular fatty acid analysis, cell mass of strain A33 T and reference strains was harvested from YD plates after incubation for 2 days at 30 u C. Fatty acid methyl esters were extracted and prepared according to the protocol of the Sherlock Microbial Identification System (MIDI). Fatty acids were analysed by GC (68901; Hewlett Packard) and identified and quantified by using the TSBA6 database (version 6.10) of MIDI (Sasser, 1990) . Respiratory quinones were extracted, purified and analysed by HPLC as described by Collins (1985) . Polar lipids were extracted as described by Tindall (1990a, b) and were identified using two-dimensional silica gel TLC followed by spraying with appropriate detection reagents (5 %, v/v, ethanolic molybdophosphoric acid for detection of all lipids, ninhydrin reagent for lipids containing free amino groups, Zinzadze reagent for phosphorus-containing lipids and a-naphthol reagent for glycolipids). Peptidoglycan analyses were carried out by the DSMZ Identification Service according to published protocols (Schumann, 2011) . Whole-cell sugars were analysed according to Staneck & Roberts (1974) .
For determination of the 16S rRNA gene sequence, bacterial genomic DNA was extracted using a Qiagen Genomic DNA kit. The 16S rRNA gene was amplified and sequenced as described previously (Huang et al., 2012) . Phylogenetic analysis was performed using MEGA software (version 6.0) (Tamura et al., 2013) after multiple alignments were performed using CLUSTAL X. Gaps at the 59 and 39 ends of the alignment were omitted for further analyses. The distances were calculated according to Kimura's two-parameter model (Kimura, 1980) . Phylogenetic trees were reconstructed with neighbour-joining (Saitou & Nei, 1987) , maximumparsimony (Fitch, 1971) and maximum-likelihood (Felsenstein, 1981) algorithms. Confidence values of branches of the phylogenetic tree were determined using bootstrap analyses based on 1000 resamplings (Felsenstein, 1985) . The DNA G+C content of strain A33 T was determined as described by Mesbah et al. (1989) using reversed-phase HPLC. DNA-DNA hybridization was carried out as described by De Ley et al. (1970) using a UV/VIS spectrophotometer (UV1201; Rayleigh).
Cells had a rod-coccus cycle (Fig. S1 , available in the online Supplementary Material) and were Gram-stainingpositive, aerobic, non-spore-forming and non-motile. Colonies on YD were circular, convex, opaque, white and approximately 0.8-1.2 mm in diameter after growth at 30 u C for 48 h. Strain A33
T could grow at 4-42 u C (optimum, 30 u C), at pH 4-11 (optimum, pH 7) and in 0-6 % (w/v) NaCl (optimum, 3 %). The detailed physiological and biochemical characteristics of strain A33
T are given in Table 1 and in the species description.
The major fatty acids (.0.5 %) of strain A33
T were anteiso-C 15 : 0 (56.7 %), anteiso-C 17 : 0 (17.2 %), iso-C 15 : 0 (16.1 %), iso-C 16 : 0 (4.5 %), iso-C 17 : 0 (2.9 %), C 16 : 0 (1.4 %) and iso-C 14 : 0 (0.8 %). This fatty acid profile was similar to that of Arthobacter woluwensis DSM 10495 T ( Table 2 ). The predominant quinone of strain A33
T was MK-9(H 2 ), with small amounts of MK-10(H 2 ) and MK-9 and minor amounts of MK-8(H 2 ) and MK-10. The major polar lipids of strain A33 T were diphosphatidylglycerol, phosphatidylglycerol, phosphatidylinositol and three glycolipids (Fig.  S2) . The total hydrolysate of cell-wall peptidoglycan (4M HCl, 16 h at 100 u C) revealed the presence of muramic acid (Mur) and of the amino acids lysine (Lys), glycine (Gly), alanine (Ala) and glutamic acid (Glu) in a molar ratio of 0.9Lys : 0.6Gly : 2.4 Ala : 1.0 Glu : 0.9 Mur. The peptides LAla-D-Glu, D-Glu-Gly, L-Ala-D-Ala, L-Lys-L-Ala and L-Lys-D-Ala could be detected by two-dimensional TLC after hydrolysis under milder conditions (4M HCl, 45 min, 100 u C). Dinitrophenylation revealed that Ala represents the N-terminus of the interpeptide bridge. These results suggest that, based on L-Lys-L-Ala, the peptidoglycan type of the isolate is A3a. The cell wall sugars of strain A33
T were galactose and mannose.
The 16S rRNA gene sequence (1489 bp) of strain A33
T was obtained and subjected to similarity searches using the sequence matching tool of the NCBI BLAST program (http://www.ncbi.nlm.nih.gov) and the ezTaxon-e server (http://eztaxon-e.ezbiocloud.net/; Kim et al., 2012) . On the basis of 16S rRNA gene sequence similarities, the closest phylogenetic neighbours of strain A33
T were determined to be A. woluwensis (98.4 % similarity), Arthrobacter humicola (97.5 %), Arthrobacter globiformis (97.4 %), Arthrbacter oryzae (97.3 %) and Arthrobacter cupressi (97.0 %). The neighbour-joining tree (Fig. 1) based on 16S rRNA gene sequences showed that strain A33
T lay within the radiation of the genus Arthrobacter. Similar tree topologies were seen in the maximum-parsimony and maximum-likelihood phylogenetic trees (Fig. S3 and Fig. S4, respectively . All values were significantly lower than 70 %, the threshold value recommended for the assignment of genomic species (Wayne et al., 1987) .
On the basis of the data from the present polyphasic taxonomic study, strain A33
T is considered to represent a novel species of the genus Arthrobacter, for which the name Arthrobacter nanjingensis sp. nov. is proposed.
Description of Arthrobacter nanjingensis sp. nov.
Arthrobacter nanjingensis (nan.jing.en9sis. N.L. masc. adj. nanjingensis of or belonging to Nanjing, PR China, the location of the soil sample from which the type strain was first isolated). . +, Positive; W, weakly positive; 2, negative. All data were obtained in this study. All taxa were positive for catalase, hydrolysis of aesculin, acid production from glycerol, D-glucose, Dfructose, D-mannose, arbutin, aesculin ferric citrate, maltose, sucrose, melezitose and raffinose, utilization of D-glucose, D-mannitol, maltose, potassium gluconate and malic acid, and activities of naphthol-AS-BI-phosphohydrolase, a-glucosidase and a-mannosidase. All taxa were negative for H 2 S production, indole production, methyl red and Voges-Proskauer reactions, hydrolysis of Tween 80 and starch, acid production from erythritol, D-arabinose, L-xylose, Dadonitol, methyl a-D-mannopyranoside, methyl b-D-xylopranoside, L-sorbose, salicin, starch, glycogen, gentiobiose, D-lyxose, D-fucose, Lfucose, L-arabitol, potassium gluconate, potassium 2-ketogluconate and potassium 5-ketogluconate, utilization of capric acid and adipic acid, and activities of lipase (C14), valine arylamidase, trypsin, achymotrypsin, a-galactosidase, b-glucuronidase and a-fucosidase. Xanthine N-Acetylglucosamine
NE tests, utilizes D-glucose, D-mannose, D-mannitol, Nacetylglucosamine, maltose, potassium gluconate, malic acid, trisodium citrate and phenylacetic acid, but is negative for glucose fermentation, arginine dihydrolase and utilization of L-arabinose, capric acid and adipic acid. In the API ZYM system, activity is detected for alkaline phosphatase, esterase lipase (C8), acid phosphatase, naphthol-AS-BIphosphohydrolase, b-galactosidase, a-and b-glucosidase, Nacetyl-b-glucosaminidase and a-mannosidase. No activity is detected for esterase (C4), lipase (C14), leucine arylamidase, valine arylamidase, cysteine arylamidase, trypsin, a-chymotrypsin, a-galactosidase, b-glucuronidase and a-fucosidase. The major fatty acids (.10 %) are anteiso-C 15 : 0 , anteiso-C 17 : 0 and iso-C 15 : 0 . The major quinone is MK-9(H 2 ). The polar lipids comprise diphosphatidylglycerol, phosphatidylglycerol, phosphatidylinositol and three glycolipids. The peptidoglycan type is A3a, based on L-Lys-L-Ala. The cellwall sugars are galactose and mannose.
The type strain, A33 T (5CCTCC AB 2014069 T 5DSM 28237 T ), was isolated from soil in Nanjing, Jiangsu Province, PR China. The DNA G+C content of the type strain is 66.8 mol%. Z. Huang and others
